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Abstract 
Under the axiomatic system of buffer operator in grey system theory , a new class of weakening buffer operators with 
exponential type are established, which have the universality and practicability. The problem that there are some 
contradictions between quantitative analysis and qualitative analysis in pretreatment for vibration data sequences is 
resolved effectively. Finally, this paper gives the forecast of China energy demand in a short period by using the new 
weakening buffer operators. The conclusion shows the new weakening buffer operators increase the forecast 
precision of the data forecast model remarkable.   
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1. Introduction 
Energy is an important material for basis national economy to maintain rapid, healthy and stable 
development; it  is an  important strategic material for China ’s security; it is stable development and the 
establishment of a harmonious, saving society. Energy demand forecasting occupies a crucial position in 
strategic management of energy. Energy demand is closed linked with energy consumption. Since 1978, 
the international pay attention to China's economic growth. China's economy has maintained rapid growth, 
but energy consumption has the opposite trend occurred with different development path of most 
countries. Namely : energy consumption growth slowed down, energy intensity of the national economy 
continued to decline. After 1996, energy consumption even has negative growth. Between 1996 and 1999, 
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China's economy grew 25.7%, and energy consumption fell by 6.35% at the same period. But the decline 
in the process is very short, since 2000, total energy consumption has entered a new round of increas ing 
process and the increasing speed increased rapidly. Total energy consumption rose by 15.279%, 16.136%, 
and 9.887% from 2003 to 2005. This change in energy consumption has caused the concern of academics, 
and has a significant impact on forecasts of energy demand. So there is a phenomenon that quantitative 
forecast results and qualitative analysis of the intuitive conclusion are different. The question does not lie 
in model itself, but in the distortion of the behavioral data systems with the disturbance of the distracter. 
The existence of the impact of the disturbance has been a very difficu lt question. In order to improve the 
prediction accuracy, it is necessary to organize the original data to seek its variation, and to weak its 
randomness by some generation which can eliminate the impact of disturbance so that the distorted data 
can recover its true colors and show its regularity.  The buffer operator theory is one of the effective ways 
to resolve the question of the disturbance, which has been widely used in many areas  since its introduction. 
In this paper, we proposed a new structural model of buffer operators with exponential type, and further 
construct a new type of weakening buffer operator, which can solved the problems that the weakening 
speed of the existing operators is unsatisfactory. By  using the new weakening buffer operators, we can 
forecast the energy demand of our country. 
2. Buffer operators 
Definition 1  Suppose X is the systemic behavioral data sequence, call D  the operator acting on X , 
let the sequence after operator  D  acting on X as ( (1) , (2) , , ( ) )XD x d x d x n d ˈthen call D   sequence 
operator, and call XD   the first order operator function sequence. 
Axiom 1˄Axiom of fixed points˅Suppose X is the systemic behavioural data sequence, and D is 
sequence operatorˈthen D satisfies ( ) ( )x n d x n ˊ 
Axiom 2˄Axiom of sufficient Usage of information˅Each data ( ), 1,2, ,x k k n  of the systemic 
behavioural data sequence X should participate in the process of the operator function.  
Axiom 3˄Axiom of Analytic Representations˅Each ( ) ,x k d ( 1,2, ,k n may express (1),x  
(2), ,x ( )x n by a unified primary analysis formula. 
Theorem 1 Suppose ( (1), (2), , ( ))X x x x n ˈis the systemic behavioural data sequence, and 
XD  ( (1) , (2) ,x d x d , ( ) )x n d  is the buffer sequence, then 
1) If X  is the monotone increasing sequence, and D  is the weakening buffer operator ( )x k d  
( )x k d , 1,2, ,k n ; 
2) If X  is the monotone decreasing sequence, and D  is the weakening buffer operator ( )x k t  
( )x k d , 1,2, ,k n ; 
3) If X  is the stochastic vibration sequence, and D  is the weakening buffer operator, then  
            
1 1
max{ ( )} max{ ( ) }
k n k n
x k x k d
d d d d
t ˗
1 1
min{ ( )} min{ ( ) }
k n k n
x k x k dd d d dd ˊ 
3. The Establishment of new weakening buffer operators 
Theorem 2 Suppose ( (1), (2), ( ))X x x x n  is the systemic behavioral data sequence, and 
( ) 0,x i i!  1,2, ,n . Let 1 1 1 1( (1) , (2) , , ( ) )XD x d x d x n d ,   where   
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( ) ( )
( ) ( )exp( )
( )
x n x k
x k d x k
x n
 , 
then if X  is the monotone increasing sequence or the monotone decreasing sequence or the stochastic 
vibration sequence, 1D is the weakening buffer operator. 
Proof 1( ) ( )x n d x n and 1D satisfy the buffer operator three axiom, so 1D  is the buffer operation.  
1) If X  is the monotone increasing sequence, then 
( ) ( ) 0x n x k t , ( ) ( )exp( ) 1
( )
x n x k
x n
 t  , 1 ( ) ( )( ) ( )exp( ) ( )( )
x n x k
x k d x k x k
x n
 t , 
So 1D  the weakening buffer operator. 
2) If X  is the monotone decreasing sequence, then 
( ) ( ) 0x n x k d , ( ) ( )exp( ) 1
( )
x n x k
x n
 d , 1 ( ) ( )( ) ( )exp( ) ( )( )
x n x k
x k d x k x k
x n
 d , 
So 1D  is the weakening buffer operator. 
3) If X is the stochastic vibration sequence, suppose 
1
( ) max{ ( ) | 1,2, , }
k n




( ) min{ ( ) | 1,2, , }
k n
x b x k k nd d  ˈ 
1
( ) ( )
( ) ( )exp( ) ( )
( )
x n x a
x a d x a x a
x n
 d , 
namely 1
1 1
max{ ( )} max{ ( ) }
k n k n
x k x k d
d d d d
t .  Similar to prove 11 1min{ ( )} min{ ( ) }k n k nx k x k dd d d dd , so 1D  is the weakening 
buffer operator. 
Theorem3 Suppose ( (1), (2), , ( ))X x x x n is the systemic behavioural data sequence, and 
( ) 0,x i i!  1,2, ,n . Let 2 2 2 2( (1) , (2) , , ( ) )XD x d x d x n d  , where    
2

















then if X  is the monotone increasing sequence or the monotone decreasing sequence or the stochastic 
vibration sequence, 2D is the weakening buffer operator. 
Theorem 4 Suppose ( (1), (2), , ( ))X x x x n is the systemic behavioural data sequence, and 
( ) 0,x i i!  1,2, ,n . Let 3 3 3 3( (1) , (2) , , ( ) )XD x d x d x n d , where 
3
( ) ( )
( ) exp( )
( )
( )
( )( 1) 2
n
i k




n k n k
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¦
, 
then if X  is the monotone increasing sequence or the monotone decreasing sequence or the stochastic 
vibration sequence, 3D is the weakening buffer operator. 
4. Energy demand forecast by the weakening buffer operators  
4.1. Energy demand  forecast 
Take the case of the literature [8] as an example . We select the data from 1985 to 2001 as the original 
data, that is X= (766.82, 808.5, 866.32, 929.97, 969.34, 987.03, 1037.83, 1091.7, 1159.93, 1227.37, 
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1311.76, 1389.48, 1377.89, 1322.14, 1301.19, 1302.97, 1349.14), to forecast energy demand data from 
2002 to 2009. 
Take the data from 1985 to 1999 as the modeling data and the data of 2000 and 2001 as the simulated 
test data. Under the four conditions: non-buffer function, weaken ing buffer operators D1, D2 and D3, we 
establish the grey GM(1,1) model (as shown in the table 1). By  calculat ion of the model, we get one step 
prediction, two-step prediction and one step prediction error (as shown in the table 2).  
Table 1 The GM (1,1) model before and after weakening  
model Weakening buffer  
operator function 
GM(1,1)   model 
1 No X(k+1)=21623.469exp(0.039*k)-20856.649 
2 XD1 X(k+1)=187752.031exp(0.006*k)186595.791 
3 XD2 X(k+1)=755812.986exp(0.002*k)754550.5666 
4 XD3 X(k+1=4669943.659exp(0.003*k)-468689.119 
Table 2 The predictive value and the prediction error before and after weakening 






one step prediction 
error(%) 
1 No 1494.80 1554.52 14.72 
2 XD1 1332.70 1341.34 2.28 
3 XD2 1309.23 1311.39 0.48 
4 XD3 1302.16 1302.63 -0.06 
Simulation results show that under the function of the strengthening buffer operator D3, the forecasting 
precision of the original data sequence is highest. From the short-term forecasts of the original data, we 
can know energy consumption experienced a transient decrease and new growth trends appeared from 
2000 to 2009. The predictions and reality is basically the same. 
The reason of growth trend appeared is: First, the main  factor influencing on energy demand is 
population factors and income factors . Therefore, with  the economic development and people's income 
levels increasing, the growth in demand fo r energy is an inevitable trend. In particular, to the total energy 
consumption of the second industry and tertiary industry, the most influential factor is the income factor 
or the level of economic development. But the most affected factor of industrial energy demand is the 
population. Second, industry has always been ranking the leading position in primary energy consumption  
for a long time, and there continue to strengthen the trend . Statistics show that during the period 1985 to 
2009, China's primary energy consumption (excluding hydro) in the industry share increased by 14 
percentage points . We found that energy consumption experienced the process of the "rise- fall- rise" and 
"first decreased and then rose".  
4.2. Police Recommendations 
Nowadays, the development of modern society has closely depended on energy consumption. In order 
to improve energy supply security, it is a prerequisite for us to understand the rules and tendency of 
national energy consumption behavior. According to our county ’s situation, existing problems, energy 
demand forecasting and energy demand, several suggestions in China's energy development strategy have 
given below: 
First, controlling the population. There are the population factors and income factors which have great 
influence on the need of energy demand. The population and consumption level d irectly decided energy 
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consumption growth slowly. So controlling the population can to a certain extent, inhibit energy demand 
growth trend. 
Second, economic structure adjustment strategy. Social departments demand for energy by its  
consumption coefficients and final product impact. Constantly adjusting the economic structure(including 
industrial structure, product structure), reducing energy-consuming profession and energy-intensive 
products, are the proportions to enhance energy efficiency, are the prerequisite to realize the sustainable 
development.  
Third, technological p rogress strategy. Energy demand is influenced by the department of energy 
consumption coefficients, which reduction of various departments’ consumption coefficients  needs 
technological progress and improvement. By  speeding up the development of science and technology can 
reduce energy intensity, and then decrease energy demand growth. 
5. Conclusion  
In this paper, new classes of weaken ing buffer operators with exponential type are established: the 
exponential average weakening buffer operators; the exponential weighted average weakening buffer 
operators; exponential geometrical average weakening buffer operators. And we will use the weakening 
buffer operators to forecast of the energy demand. The results show that the new weakening buffer 
operators can improve the predictive accuracy of GM (1,1) model and get  more accurate forecasts of 
energy demand. Finally, according to the predictive results of short term increase of energy demand, this 
paper gives some suggestions for strategic choices of China’s energy development.  
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